Multiple wavelength InGaAs quantum dot lasers using selective area epitaxy by Mokkapati, S. et al.
Multiple wavelength InGaAs quantum dot lasers using selective area
epitaxy
S. Mokkapati,a H. H. Tan, and C. Jagadish
Department of Electronic Materials Engineering, Research School of Physical Sciences and Engineering,
The Australian National University, Canberra, Australian Capital Territory 0200, Australia
Received 20 February 2007; accepted 28 March 2007; published online 24 April 2007
The authors demonstrate multiple wavelength lasers fabricated from InGaAs quantum dots.
Selective area epitaxy is used to grow the active region, consisting of five layer stack of InGaAs
quantum dots with different band gap energies in selected regions of the substrate, for fabrication of
the lasers. The mechanism responsible for engineering of the band gap of quantum dots is discussed.
The performance of the selectively grown lasers is compared to the lasers fabricated from structures
grown in a standard, nonselective area growth process. © 2007 American Institute of Physics.
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Following the demonstration of quantum dot QD lasers
with low threshold currents1–3 and good temperature
stabilities,3–5 there has been a lot of interest in engineering
the band gap of QDs. Controlling the area of nucleation of
QDs Ref. 6 and the ability to engineer their band gap are
essential for integration of QD-based optoelectronic devices.
Integration of several optoelectronic devices on a single chip
offers advantages of compact size, better performance, and
low optical losses over discrete devices coupled through fi-
bers. We have shown earlier that selective area epitaxy
SAE can be used to tune the band gap of QDs formed in
the Stranski-Krastanow growth mode.7 SAE has been widely
used for integration of quantum well QW optoelectronic
devices8–11 and recently, integration of a QD laser with a
passive QW waveguide has been demonstrated.12 In this
letter, we report on InGaAs QD lasers, emitting at different
wavelengths, fabricated on the same substrate. QDs with dif-
ferent band gap energies are nucleated in different parts of
the same substrate in a single growth step using SAE. Con-
trol of local growth rate enhancement and In incorporation
into epitaxially grown layers using a dielectric mask SiO2 in
this work is used to engineer the band gap of QDs.
The structures studied in this work were grown by low-
pressure, horizontal flow metal-organic chemical vapor
deposition MOCVD system. The precursor sources used
were trimethylindium, trimethylgallium, and AsH3 with H2
as the carrier gas. Silane and CCl4 were used as n- and
p-type dopant sources, respectively. A three-step growth pro-
cess developed to avoid the problems associated with selec-
tive area growth of Al containing compounds13 was used to
grow the device structures. The samples were patterned with
100 nm of SiO2 for growing the active region consisting of
five layers of InGaAs QDs. Figure 1a shows the schematic
of the mask pattern used in this work. It consists of pairs of
SiO2 stripes, separated from each other by 50 m. The
widths of the stripes are 5, 10, 15, and 20 m. Figure 1b
shows the cross-section schematic of the device structures.
4 m wide ridge waveguide lasers, centered on the openings
between the SiO2 stripes, were fabricated using the standard
laser processing steps.14 Lasers were also fabricated from
device structures grown in a standard single growth step
without mask for comparison. All the devices were tested
as cleaved no facet coatings applied at room temperature in
pulsed mode.
During the growth of the active region, no deposition
takes place on the SiO2 stripes. Surface migration and gas
phase diffusion of adatoms from masked regions to the un-
masked areas cause enhanced deposition rates in these re-
gions. The growth rate enhancement can be locally con-
trolled by controlling the dimensions of the mask used for
patterning the substrate.7 The growth conditions were opti-
mized so that the thickness of InGaAs deposited on unpat-
terned substrates is just below the critical thickness for QD
nucleation, so that no QDs are formed on unpatterned re-
gions. But due to the local growth rate enhancement, QDs
are formed between the stripes. Thus the size, composition
which determines the band gap, and density of the QDs
formed which determines the amount of gain available for
the lasers are controlled by the stripe width.
For a stripe width of 5 m, the growth rate enhancement
is minimal and QDs of low density are formed. The QD
density is not sufficient for providing enough gain for ground
state lasing. So devices fabricated from these QDs lase from
QD excited states. Electroluminescence EL spectra for a
representative device are shown in Fig. 2a. The lumines-
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FIG. 1. Color online Schematic showing a the dimensions of the mask
used for growing the active region for devices studied in this work and b
cross section of the completed device structure.
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cence from the QD ground state peaks at 1190 nm at an
injection current of 40 mA and luminescence from higher
lying energy states appears at 1115 nm. As more current is
injected into the device, the luminescence peak from the ex-
cited states blueshifts, until the device starts to lase at
1070 nm.
When the stripe width is increased to 10 m, the growth
rate enhancement is sufficient to form a high density of QDs
for the same deposition time. The increase in the QD density
now provides enough ground state gain to overcome the cav-
ity losses and internal optical losses, and the lasers fabricated
from these QDs lase from the ground state. Figure 2b
shows EL spectra for a 3 mm long device fabricated from
QDs grown between 10 m wide SiO2 stripes. The lumines-
cence from the QDs peaks at 1195 nm for an input current
of 40 mA. The luminescence peak blueshifts by 60 nm with
increasing injection current, until the device starts to lase at
1135 nm.
By increasing the stripe width to 15 m, the growth rate
enhancement is sufficient to form QDs with smaller band gap
energies. The variation in QD band gap is due to variations
in dot size and composition, which in turn occurs because of
differential incorporation of InAs and GaAs into the dots.7
Figure 2c shows the EL spectra for a 3 mm long laser
fabricated from QDs grown between 15 m wide SiO2
stripes. The luminescence from these QDs peaks at
1210 nm at an injection current of 40 mA. As the device is
pumped harder, the luminescence peak blueshifts by 40 nm
and the device starts to lase at 1170 nm. The EL spectra of
the device do not show any luminescence from higher lying
excited states.
By increasing the stripe width to 20 m, there is no
further variation in the QD band gap energy. The increase in
the total amount of material deposited due to the enhanced
growth rate increases the strain energy, which promotes for-
mation of defects. Once defects appear in the QDs, any ad-
ditional material deposited is preferentially accumulated at
these defects and does not contribute to varying the average
size of the optically active QDs. So devices fabricated from
QDs grown between 20 m wide SiO2 stripes do not lase at
longer wavelengths than the devices fabricated from QDs
grown between 15 m wide stripes. However, due to the
increased defect density in the active region, these devices
exhibit very high internal losses Fig. 3a. For cavity
lengths of 3 mm, the devices fabricated from dots grown
between 20 m wide stripes lase at slightly shorter wave-
lengths than the ones fabricated from QDs grown between
15 m wide stripes, as these devices have to be pumped
harder in order to overcome increased losses, which makes
them lase from excited states. Figure 2d shows EL spectra
for a typical device. The luminescence from the ground state
of QDs peaks at 1210 nm at an injection current of 40 mA.
Luminescence from excited states starts to appear at
1164 nm for an input current of 360 mA and the device
finally lases at 1160 nm.
We now present results on the performance of devices
fabricated from QDs grown between SiO2 stripes of widths
10 and 15 m. Figure 3a compares the inverse differential
FIG. 2. Color online Electroluminescence and lasing spectra of 3 mm long
lasers fabricated from QDs grown between pairs of dielectric stripes of
widths W a 5 m, b 10 m, c 15 m, and d 20 m. The separation
between the SiO2 stripes is 50 m. Luminescence peaks from QD excited
states are indicated by dashed arrows in a and d.
FIG. 3. Color online a Inverse differential efficiency vs cavity length plot
for lasers fabricated from QDs grown between SiO2 stripes of widths W
10, 15, and 20 m. b Threshold currents of lasers fabricated from QDs
grown between SiO2 stripes of widths W 10 and 15 m. Inverse differen-
tial efficiency and threshold currents for a reference device, fabricated from
QDs grown on unpatterned substrates, are also shown. The separation be-
tween the SiO2 stripes is 50 m.
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efficiency versus cavity length plots for these two devices
with that of lasers fabricated from QDs grown on unpat-
terned substrates. The two selectively grown devices have
similar internal optical losses of 11 cm−1, while devices
fabricated from QDs grown on unpatterned substrates have
losses of 6 cm−1. In Fig. 3b we compare the threshold cur-
rents of the two SAE grown devices with those of devices
fabricated from QDs grown on unpatterned substrates for
various device lengths. The two selectively grown devices
have similar threshold currents, which are slightly higher
than those for devices of the same length fabricated from
laser structures grown in a single growth step. A slight in-
crease in the internal losses and threshold currents could be
due to the quality of regrowth interfaces and midgrowth pro-
cessing steps.
The EL spectra shown in Figs. 2b and 2c show dif-
ferent amounts of blueshifts before lasing. The amount of
blueshift in the EL spectra of a device depends on dot density
lower dot density requires harder pumping, leading to a
population of higher lying energy states which causes more
shift, built-in electric dipole moment which arises in the
case of MOCVD grown QDs due to In segregation15,16, and
QD size distribution.17 Since we have already shown that the
two SAE grown devices have similar losses and threshold
currents, the contribution of dot density variations to varying
shifts in the EL spectra can be ruled out. It has been shown
that band gap tuning of QDs is due to the variation in their
size and composition.7 These variations affect the process of
In segregation, which in turn affects the built-in electric di-
pole moment. We attribute different amounts of blueshifts in
the EL spectra depicted in Figs. 2b and 2c to variations in
built-in electric dipole moment and dot size distributions.
These observations are consistent with data showing smaller
blueshift in the EL spectra of In rich QDs grown using
MOCVD.17,18
Although the simplicity of postgrowth processing tech-
niques makes them attractive for integration of optoelec-
tronic devices, SAE clearly has its advantages over these
techniques. The postgrowth processing techniques involve
heat treatment of the device structures, which blueshifts the
emission wavelength of the QDs. It also leads to diffusion of
dopants from the cladding and contact layers and reduces the
confinement potential and thus the carrier capture efficiency
of QDs in the active region of the devices, which decreases
the efficiency of these devices; whereas SAE devices are
comparable to normal, as grown devices. The longer emis-
sion wavelengths for integrated devices fabricated using In-
GaAs QDs that are reported in this work cannot be ob-
tained using postgrowth processing techniques.
To conclude, we have demonstrated ground state lasing
from multiple wavelength 35 nm InGaAs QD lasers.
Control of local growth rate enhancement by varying the
local mask dimensions during selective area MOCVD is
used to engineer the band gap of QDs in the active region of
the lasers. The shift in the lasing wavelength of devices fab-
ricated using these QDs is increased further by variations in
built-in electric dipole moment and variations in dot size
distribution. These devices have very similar internal effi-
ciencies, internal optical losses, and threshold currents and
are comparable in performance to devices fabricated from
QDs grown on unpatterned substrates. However, if the mask
dimensions are not optimized, either too little or too much
material may be deposited during the growth of the active
region, leading to lasing from QD excited states.
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